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MEASUREMENT OF INTENSITIES I N  THF VACUUM SPECTRAL REGION 

Ye. Ya. Shreyder 

ABSTRACT 

Methods of performing absolute and r e l a t i v e  i n t e n s i t y  

measurements i n  the  vacuum u l t r a v i o l e t  a r e  discussed. Rea- 

sons f o r  d i f f i c u l t i e s  i n  performing c a l i b r a t i o n s ,  and the  

advantages of use of the,synchrotron f o r  comparison of radi- 

a t ion  are  explained. Drawbacks and advantages of continuous 

c a l i b r a t i o n  of t h e  e n t i r e  system are  s t a t e d ,  and preference 

of open photomult ipl iers  and gas-f i l l e d  ion iza t ion  chambers 

are  included. 

In t roduct ion  

The methods of measurement of i n t e n s i t i e s  i n  the  vacuum region of the  

spectrum have begun t h e i r  development i n  t h e  l a s t  t h r e e  years  c h i e f l y  i n  con- 

nect ion wi th  t h r e e  d i r ec t ions  of s c i e n t i f i c  research:  (1) cosmic astrophysics;  

(2) s tudy  of t h e  r ad ia t ion  of hot  plasmas; (3) photoionizat ion of atoms and 

molecules. 

I n  carrying out absolute  energy measurements, depending upon t h e  problem 

under considerat ion,  it i s  necessary t o  measure t h e  following quan t i t i e s :  

*Numbers given i n  the  margin ind ica te  t h e  paginat ion i n  t h e  o r i g i n a l  fore ign  

t e x t .  
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(1) absolute  i n t e n s i t y  of a s p e c t r a l  l ine; '  

s p e c t r a l  l i n e ;  

t he  s p e c t r a l  instrument. 

(2) i n t e g r a l  b r igh tness  of a 

(3) s p e c t r a l  brightness of t h e  source; (4) l i g h t  f l u x  en te r ing  

2 

All t hese  q u a n t i t i e s  are i n t e r r e l a t e d  and may be determined i f  one of them 

has been measured and t h e  geometrical  parameters of t h e  instrument are known 

(ref .  1). 

We s h a l l  consider t h e  methods of i n t e n s i t y  measurement i n  t h e  s p e c t r a l  

range of 100 t o  2000 ii. 

The methods of homochromatic photometry are comparatively simple and do 

no t  r equ i r e  a preliminary c a l i b r a t i o n  of t h e  e n t i r e  recording system, i . e . ,  of 

t h e  s p e c t r a l  instrument and r ad ia t ion  de tec to r .  

The measurement of absolute  i n t e n s i t i e s  and the  problems of heterochromatic 

photometry are q u i t e  complex and can be solved by two fundamentally d i f f e r e n t  

methods. The f i rs t  method i s  based on t h e  use o f  standard l i g h t  sources having 

a known energy d i s t r i b u t i o n .  The second method c o n s i s t s  i n  a prel iminary 

determination of t h e  transmission coe f f i c i en t  of 

t h e  s p e c t r a l  instrument and of t h e  de t ec to r  s e n s i t i v i t y .  

1 
We s h a l l  def ine the  absolute  i n t e n s i t y  of a s p e c t r a l  l i n e  as a quan t i ty  pro- 

p o r t i o n a l  t o  t h e  i n t e g r a l  power of r ad ia t ion  emitted by a u n i t  volume of t he  

source and associated w i t h  t h e  e n t i r e  width of t h e  l i n e .  

2An i n t e g r a l  f lux i s  defined for a l ine ,  whereas f o r  t h e  source of a con- 

t i nuous  spectrum t h e  flux i s  defined f o r  a c e r t a i n  s p e c t r a l  i n t e r v a l .  

2 



Both methods of measurement can b e  explained by t h e  following formula 

i = K~(X)K~(X)J(X) (1) 

where i a re  the  readings of t he  instrument (giving,  f o r  example, t h e  measured 

cur ren t  i n  t h e  c i r c u i t  of t h e  amplif ier  of t he  PEM, t h e  number of ions p e r  

second recorded i n  the  ibn iza t ion  chamber, e t c . ) ;  J(X) i s  t h e  l i g h t  f l u x  en ter -  

ing the  s p e c t r a l  instrument;  K1(X) i s  t h e  transmission coe f f i c i en t  of t h e  

s p e c t r a l  instrument; K2(X) i s  a coef f ic ien t  charac te r iz ing  t h e  s e n s i t i v i t y  

of t he  de t ec to r  and ind ica t ing  the  magnitude of t h e  s igna l  p e r  quantum of 

inc ident  r ad ia t ion .  Thus, f o r  example, i n  t h e  case of an ion iza t ion  chamber 

t h i s  coe f f i c i en t  depends on t h e  photoionization quantum y i e l d  of t he  gas 

f i l l i n g  t h e  chamber, on t h e  c ross  sec t ion  of r ad ia t ion  absorption i n  t h i s  

gas, and on a number of o the r  f ac to r s .  

F i r s t  method. I n  the  presence of a standard source of known s p e c t r a l  

b r ightness ,  one can f ind  t h e  l i g h t  f l ux  en ter ing  the  s p e c t r a l  instrument 

( r e f .  1). Measurement of t h e  s igna l  a t  t he  e x i t  from t h e  instrument makes it 

poss ib l e  t o  determine the  product of t h e  c o e f f i c i e n t s  K1(X)K2(h) f o r  var ious 

wavelengths. The e n t i r e  recording system i s  thus ca l ib ra t ed  ( s p e c t r a l  i n -  

strument p lus  d e t e c t o r ) .  

Subsequently, we s h a l l  d i scuss  t h e  methods of c rea t ing  standard l i g h t  

sources f o r  t h e  vacuum region of the  spectrum ( c .  2 -- 5 ) .  The standard 

sources which we have described become such sources only when simultaneous 

measurements a r e  made i n  t h e  v i s i b l e  region of t h e  spectrum. Only t h e  

synchrotron (S. 5 )  can be regarded as a 

t h i s  term. 

Second method. Both coe f f i c i en t s  

If the  independently from each other .  

standard source i n  the  usual  sense of 

en ter ing  i n t o  formula (1) a r e  determined 

transmission coe f f i c i en t  of t h e  

3 
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instrument Kl(A) i s  known (see ,5.6), t he  problem of measuring t h e  l i g h t  f l u x  

en te r ing  t h e  s p e c t r a l  instrument amounts t o  measuring t h e  l i g h t  f l u x  a t  the 

ex i t  from t h i s  instrument (see S. 7). 

K1(X) and K2(A) should both be known. 

f i c i e n t  t o  know how these  coe f f i c i en t s  vary wi th  t h e  wavelength. 

For absolute  measurements, c o e f f i c i e n t s  

For r e l a t i v e  measurements, it i s  suf -  

The coe f f i c i en t  K ( A )  i s  determined by comparison wi th  a standard 2 

de tec to r .  

To measure r e l a t i v e  i n t e n s i t i e s ,  t h e  second method i s  very convenient i n  

eases where a nonselect ive d e t e c t o r  i s  avai lable .  

;. ------.l--nmn+: n nulllv L 111 U L * L c I l ”  L b P b t  nme try 

Homochromatic photometry i n  t h e  vacuum region of the spectrum i n  photo- 

e l e c t r i c  recording i s  no d i f f e r e n t  from ordinary p h o t o e l e c t r i c  measurements. 

Any d e t e c t o r  (see S.7)  s e n s i t i v e  i n  the  s p e c t r a l  i n t e r v a l  under considerat ion 

and having a l i n e a r  c h a r a c t e r i s t i c  can be  used f o r  t h i s  purpose. 

I n  photographic recording, t h e  problem o f  t h e  method t o  be used i n  t h e  

p l o t t i n g  of t h e  c h a r a c t e r i s t i c  curves arises. The most widely accepted methods 

of p l o t t i n g  the  c h a r a c t e r i s t i c  curves, involving t h e  use of s t e p  a t t enua to r s ,  

are n o t  s u i t a b l e ,  s ince  on the  one hand, i n  t h e  major i ty  of cases t h e  i n s t r u -  

ments used i n  the  vacuum region of t he  spectrum are ast igmatic ,  and on t h e  o ther ,  

it i s  d i f f i c u l t  t o  s e l e c t  t h e  materials f o r  making t h e  a t t e n u a t o r  t h a t  are 

t r anspa ren t  i n  t h i s  region. 

I n  p l o t t i n g  t h e  c h a r a c t e r i s t i c  curve, t h e  method of g r i d s  i s  f r equen t ly  

employed, but  t he  disadvantage l i e s  i n  t h e  f a c t  t h a t  t he  g r i d  must be placed 

d i r e c t l y  i n  f r o n t  of t h e  s l i t ;  i n  addition, every p o i n t  on the  c h a r a c t e r i s t i c  

curve i s  obtained by a sepa ra t e  exposure. 

extremely high requirements must be m e t  wi th  respect  t o  t h e  s t a b i l i t y  of t h e  

When t h e  g r i d  method i s  used, 

l i g h t  source. 
4 



There e x i s t s  a whole s e r i e s  of o ther  methods of p l o t t i n g  c h a r a c t e r i s t i c  

curves. 

Use may be made of known i n t e n s i t y  r a t i o s  i n  t h e  mul t ip l e t s .  Thus, f o r  

example, i n  t h e  case of t h e  l i n e s  of l i g h t  atoms, which have a small number of 

ou te r  e l ec t rons ,  one can expect t h e  i n t e n s i t y  r u l e  t o  be  obeyed f o r  t h e  L-S 

bond, and t h e  i n t e n s i t y  r a t i o  of t he  components of t h e  mul t ip l e t  i s  then 

ca lcu la ted  theo re t i ca l ly .  For g rea t e r  r e l i a b i l i t y ,  considering poss ib l e  

devia t ions  from t h e  t h e o r e t i c a l  r a t i o  as we l l  as d i s t o r t i o n s  introduced by 

reabsorption, i t  i s  b e s t  t o  perform a prel iminary check by any o the r  methods 

( see  below) and then t o  use only the  i n t e n s i t y  r a t i o s  wi th in  the  mul t ip l e t .  

Thus, for example, Krasnova and Yakovleva ( r e f .  2) found the  r a t i o  of l i n e  
2 2 

i n t e n s i t i e s  wi th in  the  mul t ip l e t s  of ni t rogen 2p3*P - 3s P and 2p3% - 3s P; 

Gladushchak e t  a l .  ( r e f .  3) checked the  i n t e n s i t y  r a t i o  of a s e r i e s  of l i n e s  

of Al I11 and S i  I V  and found, contrary t o  the  r e s u l t s  of K i s i e l  (ref. 4), 

/2091 

t h a t  t h i s  r a t i o  i s  i n  r igorous agreement with the  theory.  A similar method 

i s  proposed i n  ref. 5, t h e  ca l ib ra t ion  of t h e  p l a t e  being made on t h e  basis of 

t h e  r e l a t i v e  l i n e  i n t e n s i t i e s  i n  the mul t ip l e t s  i n  the  s p e c t r a l  region of 

200-500 8. It i s  necessary (before  using t h i s  method) t o  make sure  t h a t  

reabsorpt ion i s  absent (ref. 6).  

t h i s  method i s  more r e l i a b l e  i f  t h e  components of t h e  doublet  have a common 

Furthermore, it should be pointed out  t h a t  

upper, not lower l e v e l ;  otherwise, t h e  method can be applied only after a 

prel iminary check for t h e  presence of s t a t i s t i c a l  d i s t r i b u t i o n  of t h e  atoms 

or i ons  over t h e  energy l e v e l s .  1 

'Here and subsequently, t h e  term s t a t i s t i c a l  d i s t r i b u t i o n  w i l l  r e f e r  t o  a 

d i s t r i b u t i o n  of atoms or ions over the energy l e v e l s  which i s  propor t iona l  

t o  t h e i r  s t a t i s t i c a l  weights. 

5 
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4 , .  

For t h i s  reason, it i s  our  view t h a t  t h e  mul t ip l e t  method must be  considered 

merely as an aux i l i a ry  method having no independent s ign i f icance ,  and appl icable  

only a f t e r  a prel iminary check by another method. 

method i s  the  measurement of i n t e n s i t y  wi th in  t h e  mult iple  by means of a l i n e a r  

de tec tor ,  f o r  example, a PEM, and the measured (not t h e o r e t i c a l )  r a t i o  then 

makes it poss ib le  t o  f i n d  the  s lope of t h e  c h a r a c t e r i s t i c  curve (ref.  

methods a r e  a l s o  appl icable .  

pho toe lec t r i ca l ly ,  Pery-Thorne and Garton proposed t o  e s t a b l i s h  t h e  dependence 

of t he  s p e c t r a l  l i n e  i n t e n s i t i e s  on the  cur ren t  i n t e n s i t y  i n  t h e  discharge and 

then t o  take t h e  p i c t u r e s  i n  t h e  presence of these  cu r ren t s  (ref. 8).  

r e l a t ive  i n t e n s i t i e s  w i l l  then be  known on various p i c tu re s ,  and t h i s  w i l l  re- 

p lace  t h e  taking of p i c t u r e s  wi th  a s t e p  a t tenuator .  

appl icable  i f  t h e  manner i n  which the i n t e n s i t y  va r i e s  as a func t ion  of any 

o the r  parameter of t h e  e l e c t r i c  c i r c u i t ,  e.g., capacitance,  i s  es tab l i shed  

(ref. 7). 

f l u c t u a t i o n s  i n  t h e  i n t e n s i t y  of the  l i g h t  source. 

An improved va r i an t  of t h i s  

7 ) .  Other 

For example, t o  p l o t  t h e  c h a r a c t e r i s t i c  curve 

The 

Obviously, t h i s  method i s  

By using t h i s  method, it i s  poss ib le  t o  t o l e r a t e  e r r o r s  due t o  

Figure 1. Mask applied on s l i t  t o  d iv ide  t h e  beam. 

6 
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One of t he  methods of ca l ib ra t ing  s p e c t r a l  instruments (see s. 2, 3) i s  

based on t h e  simultaneous recording of p i c t u r e s  i n  t h e  vacuum and v i s i b l e  

regions of t h e  spectrum. By recording l i n e s  having a common upper l e v e l  and 

loca ted  i n  d i f f e r e n t  regions of t h e  spectrum by means of var ious s p e c t r a l  

instruments,  one can change the  i n t e n s i t y  of both s p e c t r a l  l i n e s  by changing 

the  condi t ions of t h e  discharge.  By taking measurements i n  t h e  v i s i b l e  using 

a s t e p  a t tenuator ,  one can determine t h e  f a c t o r  by which t h e  i n t e n s i t y  of t h e  

s p e c t r a l  l i n e  changes from p i c t u r e  t o  p i c t u r e  i n  t h e  vacuum region. This 

makes it poss ib le  t o  p l o t  t h e  c h a r a c t e r i s t i c  curve. 

To determine t h e  con t r a s t  coef f ic ien t  of a photographic emulsion, Johns 

( r e f .  7) suggested t h e  use of a composite mask f o r  t he  s l i t  (Fig.  l), making it 

poss ib l e  t o  separate  t h e  beam enter ing the  spectrograph i n t o  th ree  equal p a r t s ;  

t h e  c e n t r a l  p a r t s  i l lumina tes  the  e n t i r e  g ra t ing ,  and each of t h e  ex te rna l  p a r t s  

i l lumina tes  only t h e  opposite halves of t h e  gra t ing .  The p i c t u r e  has t h e  

appearance shown i n  Fig.  2. If a l l  th ree  p a r t s  of the  l i n e  a re  measured photo- 

met r ica l ly ,  t h e  average dens i ty  of the ou te r  por t ions  of  t h e  l i n e s  and t h e  

d e n s i t y  of t h e  c e n t r a l  po r t ion  make it poss ib le  t o  f i n d  the  s lope of t h e  

c h a r a c t e r i s t i c  curve. The method i s  p a r t i c u l a r l y  s u i t a b l e  f o r  measuring l i n e  

half-widths,  s ince  a half-width i s  measured a t  po in t s  corresponding t o  one- 

ha l f  t h e  i n t e n s i t y  a t  t h e  peak. 

The Johns method ( r e f .  7) may lead t o  s i g n i f i c a n t  e r r o r s  i f  t h e  r e f l e c t i o n  

c o e f f i c i e n t  of t h e  g ra t ing  changes appreciably along i t s  sur face .  

F ina l ly ,  t h e  most common method i s  based on t h e  f a c t  t h a t  a photoemulsion 

s e n s i t i z e d  with a luminophor has a constant con t r a s t  c o e f f i c i e n t  f o r  a l l  wave- 

l eng ths  which depends on t h e  region of luminescence of t h e  given luminophor 

7 
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Figure 2. Spec t ra l  l i n e s  with edges a t tenuated  by a f a c t o r  of 1/2. 
1 (refs. 9-11) . I n  order  t o  p l o t  t h e  c h a r a c t e r i s t i c  curve, it i s  necessary t o  

make blackening marks f o r  t h e  region of t h e  spectrum t o  which the  usua l  photo- 

metr ic  technique i s  appl icable;  i n  p a r t i c u l a r ,  i t  i s  convenient t o  c a r r y  out  

t h e  measurements with the  a id  of gra t ings  o r  s t e p  a t t enua to r s  i n  t h e  wavelength 

region of 2200-2000 a (ref$. 2-3). The l i g h t  source used may be a hydrogen lamp, 

and t h e  p i c t u r e s  a r e  taken on two separate  f i l m s ;  both f i l m s  are cut  from the  

same sheet ,  a r e  s ens i t i zed  i n  t h e  sane manner, and a r e  simultaneously developed. 

This method i s  s u f f i c i e n t l y  simple and r e l i a b l e .  

Homochromatic photometq  i n  t h e  vacuum region of t h e  spectrum i s  used i n  

a l l  i nves t iga t ions  involving measurements of l i n e  half-widths,  measurements of 

absorpt ion c ross  sec t ions ,  i n  spectrum analys is ,  and i n  o t h e r  i nves t iga t ions .  

2. Calculated Relat ive I n t e n s i t i e s  as the  Basis f o r  t h e  Method of Heterochromatic 

Photometry 

The r a t i o  of t h e  i n t e n s i t i e s  of' two s p e c t r a l  l i n e s  J and J loca ted  i n  t h e  

vacuum region of t h e  spectrum can be e a s i l y  found from t h e  known i n t e n s i t y  r a t i o  
1 2 

It i s  assumed t h a t  t he  r ad ia t ion  i s  completely absorbed by t h e  luminophor. 
1 

8 



of the  l i n e s  i n  the  v i s i b l e ,  J and J , provided t h a t  t h e  l i n e s  J and J have 
3 4 1 3 

a common upper l e v e l  and the  l i n e s  J 

[Fig. 3 (refs. 12-14.333 

and J 
2 4 have another common upper l e v e l  

- f1 AI A4 43 j,, 
32- J 4  ZKTT ’  

where A i s  the  t r a n s i t i o n  p robab i l i t y  and X i s  t h e  wavelength. 

t i  

Figure 3. Energy l e v e l  diagram. 

By se l ec t ing  such p a i r s  over the  e n t i r e  s p e c t r a l  region, one can f i n d  t h e  

dependence of t h e  e f f e c t i v e  quantum y ie ld  of t h e  e n t i r e  u n i t  ( s p e c t r a l  i n s t r u -  

ment p lus  r ad ia t ion  de tec to r )  on the wavelength. If t h e  s p e c t r a l  c h a r a c t e r i s t i c  

of t he  de t ec to r  i s  known, by using t h i s  method one can f ind  i n  r e l a t i v e  u n i t s  

t h e  t ransmission coe f f i c i en t  of t h e  s p e c t r a l  instrument f o r  various wavelengths. 

The method i s  appl icable  when the following condi t ions a re  observed: 

(1) absence of reabsorpt ion (op t i ca l ly  t h i n  l a y e r ) ;  (2)  t h e  t r a n s i t i o n  prob- 

a b i l i t i e s  of t h e  l i n e s  with a common upper l e v e l  should be known; (3) i f  t h e  

l e v e l s  of t he  hyperfine s t r u c t u r e  are not  resolved, t h e  d i s t r i b u t i o n  over t h e  

energy l e v e l s  should be  proport ional  t o  the  s t a t i s t i c a l  weights. 

I n  order  t o  c a l i b r a t e  t h e  instrument, one must have a s e t  of s p e c t r a l  

l i n e s  covering t h e  e n t i r e  working region of t h e  spectrum. The spectrum i s  

recorded simultaneously with two spec t r a l  instruments,  and spec ia l  s t e p s  a r e  

9 
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taken t o  make sure  t h a t  emission from t h e  same por t ion  of t h e  source e n t e r s  

both instruments.  Hinnow and Hoffmann ( r e f .  13) performed t h e  c a l i b r a t i o n  by 

using t h e  l i n e s  He 231, 232, 234, 237, 243, 1085, 1640 A and H 937, 950, 972 

and 1026 A. 

upper l e v e l s  i n  common with the  l i n e s  used f o r  t h e  ca l ib ra t ion .  An attempt was 
0 0 

made t o  use t h e  He 537 A l i n e  having a common upper l e v e l  wi th  t h e  He 5013 A 

l i n e  f o r  t h e  ca l ib ra t ion ,  but an o p t i c a l l y  t h i n  l a y e r  could not be obtained a t  

any pressures  f o r  t h i s  l i n e .  The l i g h t  source i n  t h i s  work w a s  a tube with a 

cooled hollow cathode. The helium pressure i n  the  discharge tube w a s  se lec ted  

0 

0 
For a l l  these  l i n e s ,  p a i r s  were se lec ted  i n  t h e  v i s i b l e  which had 

s o  a s  t o  avoid any appreciable  absorption beyond t h e  l i m i t  of t h e  series. The 

e f f ec t iveness  of t h e  whole u n i t  

determined from the  following formula where 

S ( h )  (as a func t ion  of t h e  wavelength) was 

R(X)  = I(X)S(X)x, (3) 

2 
where I(X) i s  the  t o t a l  i n t e n s i t y  a t  the  entrance s l i t  i n  photons, cm /see; 

R(h) i s  the  measured photocurrent;  and x i s  t h e  s l i t  width. 

were ca l ib ra t ed :  

t o  the  Sei-Namiok design ( r e f .  13). 

b r a t i o n  technique i s  t h e  f a c t  t h a t  one cannot be c e r t a i n  t h a t  t he re  i s  a 

s t a t i s t i c a l  d i s t r i b u t i o n  of t h e  atoms over t h e  energy l eve l s ;  t h i s  becomes 

important,  s ince  the  f ine - s t ruc tu re  l e v e l s  of H and He I1 a r e  not resolved. 

Two instruments 

one with grazing incidence and t h e  o the r  assembled according 

The main source of e r r o r  i n  t h i s  ca l i -  

The authors evaluate  i n  d e t a i l  the  p o s s i b i l i t y  of s i g n i f i c a n t  devia t ions  

from 

take  

equi l ibr ium l e v e l s  and come t o  t h e  conclusion t h a t  such devia t ions  cannot 

p l ace  if  Ne>1013CM-3 f o r  He II and Ne>1012Cf3 for H. Since i n  t h e  hollow 

cathode t h e  e l ec t ron  concentrat ions may tu rn  out  t o  be considerably lower, t h i s  

may r e s u l t  i n  s u b s t a n t i a l  e r r o r s .  The use of such hot sources as t h e  

S t e l l a r a t o r  (ref. 13) or Zeta ( r e f .  14) has been more successfu l  i n  t h i s  regard. 

10 



The method proposed by G r i f f i n  and McWhirter ( r e f .  14)  i s  similar t o  the  one 

discussed above. 

Gladushchak e t  al .  ( r e f .  3) cal ibrated a vacuum spectrograph with t h e  l i n e s  

of Al I11 and S i  I V  exci ted i n  a low-voltage vacuum spark ( r e f .  16) .  The t r an -  

s i t i o n  p r o b a b i l i t i e s  of t h e  l i n e s  of Al I11 and S i  I V  can be r e a d i l y  ca lcu la ted  

from t h e  tables of Bates and Damgaard (ref. 17). 

p r o b a b i l i t i e s  introduces a c e r t a i n  addi t iona l  e r r o r  i n t o  t h e  c a l i b r a t i o n  of t h e  

s p e c t r a l  instrument, but s ince  t h e  f ine - s t rucu t r e  l e v e l s  a r e  resolved i n  t h i s  

case,  it i s  not necessary t o  assume t h e  presence of a s t a t i s t i c a l  d i s t r i b u t i o n .  

As  w a s  confirmed i n  seve ra l  

p r o b a b i l i t i e s  of elements of  t h e  i soe l ec t ron ic  series of l i t h ium and sodium by 

means of the  Bates-Damgaard t a b l e s  i s  s u f f i c i e n t l y  re l iable  (refs. 18, 19) .  The 

discharge took p lace  between electrodes made of carbon, aluminum and Silumin. 

absence of reabsorpt ion w a s  checked by means of t h e  r a t i o  of l i n e  i n t e n s i t i e s  i n  

t h e  doublets.  

The c o e f f i c i e n t  K ( X )  w a s  determined experimentally from t h e  formula 

The use  of these  t r a n s i t i o n  

s tudies ,  t he  determination of t h e  l i n e  t r a n s i t i o n  

The 

The c a l i b r a t i o n  was made i n  t h e  s p e c t r a l  region from 2200 t o  430 1. 

I 
where J /J i s  t h e  r a t i o  of t he  i n t e n s i t i e s  i n  the  source; (Jl/J2) i s  the  recorded 1 2  

i n t e n s i t y  r a t i o  corresponding t o  t h e  true r a t i o  i f  t h e  de t ec to r  and s p e c t r a l  /2094 

instrument are not s e l ec t ive .  

work] depends on t h e  e f f i c i ency  of the g ra t ing  and on the  p rope r t i e s  of t h e  

s e n s i t i z e r  . The method w a s  used t o  c a l i b r a t e  a normal-incidence spectrograph. 

The coe f f i c i en t  K ( X )  [ l i k e  S ( X )  i n  t h e  preceding 

1 

'The value of  t h e  coe f f i c i en t  K(X)  may be a f fec ted  by the  astigmatism of t h e  

instrument and by defec ts  i n  posi t ioning.  

11 
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The coef f ic ien t  K(h)  i n  t he  region of 2200 t o  450 a decreases by a f a c t o r  

of 1000. 

Thus, both of t he  s tud ie s  discussed here ( re fs  3, 13) a r e  d i f f e r e n t  

va r i an t s  of t h e  method based on t h e  use of calculated t r a n s i t i o n  p r o b a b i l i t i e s .  

The advantage of t h i s  method over the  method involving t h e  determination of 

gra t ing  e f f i c i ency  and s p e c t r a l  c h a r a c t e r i s t i c  of t h e  de t ec to r  wi th  t h e  a id  of 

a d i f f e r e n t  u n i t  l i es  i n  t h e  f a c t  t h a t ,  on t h e  one hand, t h e  g ra t ing  i s  C a l i -  

brated under t h e  same condi t ions under which it i s  used and, on t h e  o the r  hand, 

it i s  not  necessary t o  determine t h e  c h a r a c t e r i s t i c  of t h e  r ad ia t ion  de tec tor .  

I n  t h e  above method: t h e  u n i t  as a whole i s  ca l ib ra t ed ,  i. e., t h e  c a l i b r a t i o n  

inc ludes  both the  s e n s i t i v i t y  of t h e  PEM and t h e  quantum y i e l d  of t h e  lumi- 

nophor ( i f  a closed-type photomult ipl ier  i s  used) .  

t h i s  method i s  t h a t  t he  c d i b r a t i o n  i s  made f o r  ind iv idua l  po in t s ,  not  f o r  t h e  

region of t h e  spectrum as a whole. This drawback i s  p a r t i c u l a r l y  pe rcep t ib l e  

An important drawback of 

with t h e  concentration of l i g h t  i n  a d e f i n i t e  d i r e c t i o n  i s  i f  an instrument 

being ca l ib ra t ed  

I n  addi t ion  t o  t h e  method of calculated t r a n s i t i o n  p r o b a b i l i t i e s ,  t he  

method of experimental determination of t h e  i n t e n s i t i e s  of various mul t ip l e t s  

wi th  a common upper l e v e l  may also f ind  appl ica t ions .  Krasnova and YaJsovleva 

( r e f .  2) determined the  i n t e n s i t y  r a t i o  of t h e  mul t ip l e t s  of n i t rogen  X 1492 

and X 1742 8. 
r a t i o s ,  one can perform t h e  ca l ibra t ion .  The inconvenience of t h e  method i s  

t h a t  it can be used only after preliminary measurements by means of an instrument 

ca l ib ra t ed  by another method. The authors of t h e  a r t i c l e  i nd ica t e  t h a t  t he  

i n t e n s i t y  r a t i o  of both mul t ip l e t s  can be calculated by assuming t h e  presence 

of an L-S bond. 

Having such a set of experimentally measured mul t ip l e t  i n t e n s i t y  

12 



3. U s e  o f  t h e  Radiation of a Thin Layer f o r  t h e  Creation of Standards i n  

Vacuum Region of t he  Spectrum 

The method of heterochromatic photometry presented above i s  a t  t h e  basis 

of t h e  method of c rea t ing  sources of standard r ad ia t ion .  Standard r a d i a t i o n  

can be given o f f  by any source whose spectrum contains  a p a i r  of l i n e s  wi th  a 

common upper l e v e l ,  one of t hese  l i n e s  being located i n  t h e  vacuum region of 

t h e  spectrum. 

The i n t e n s i t y  of t h e  shortwave component (J ) can be found by measuring 1 

t h e  i n t e n s i t y  of t he  longwave component (J ) and i f  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  3 
A a& A are horn -  
1 3 

Formula (5) i s  v a l i d  i n  t h e  absence of reabsorption. 

Monochromatic r a d i a t i o n  corresponding t o  t h e  wavelength h may be con- 1 
sidered as t h e  standard.  The recording of standard r a d i a t i o n  (J ) and 

r a d i a t i o n  i n  t h e  v i s i b l e  region (J ) should be c a r r i e d  out simultaneously. 

The b r igh tness  of t h e  source i n  t h e  d i r e c t i o n  of both s p e c t r a l  instruments 

1 

3 

should be t h e  same. 

If a s u f f i c i e n t  number of such p a i r s  which occupy with r e l a t i v e  uniformity 

t h e  e n t i r e  vacuum region of t h e  spectrum are se l ec t ed  and measured, t h e  

problem o f  c rea t ing  a standard source f o r  t h e  e n t i r e  vacuum region w i l l  be 

solved. Sources s u i t a b l e  f o r  t h e  creat ion of such "standards" have been 

discussed i n  seve ra l  s t u d i e s  ( r e f s .  13, 20, 21). 

Van Eck e t  a l .  ( re f .  20) determined t h e  absolute  i n t e n s i t y  of t h e  
0 0 

He h 537 A l i n e  from t h e  i n t e n s i t y  of t h e  X 5015 A l i n e .  

w a s  success fu l ly  avoided owing t o  the Doppler broadening of t h e  h 537 8 l i n e .  

Self-absorption 



The absolute  i n t e n s i t y  of t he  l i n e s  i n  the  Lyman s e r i e s  of hydrogen was 

determined from the  absolute  i n t e n s i t y  of the  l i n e s  i n  t h e  Balmer s e r i e s .  The 

measurements were made i n  a "hollow cathode" on t h e  Zeta u n i t  and on t h e  

s t e l l a r a t o r  (refs. 13, 14);  t h e  l i n e  i n t e n s i t i e s  of ionized helium (231-237 A) 

were measured i n  a "hollow cathode," and the  i n t e n s i t y  of  t h e  l i n e s  o f  Al I11 

0 

were determined i n  a low-voltage vacuum spark ( r e f .  21). 

The use of l i n e s  of hydrogen and ionized helium f o r  t he  c rea t ion  of 

s tandards i n  the  vacuum region may lead t o  s u b s t a n t i a l  errors due t o  t h e  

absence of  a s t a t i s t i c a l  d i s t r i b u t i o n  of t h e  atoms over the  energy l e v e l s  

The accuracy of t h e  determination of s tandard r ad ia t ion  i n t e n s i t y  depends 

on t h e  photometry e r r o r s  and e r r o r s  i n  t h e  determinat ion of t he  t r a n s i t i o n  

p r o b a b i l i t i e s .  We s h a l l  enumerate the  wavelengths ( i n  A) of those  s p e c t r a l  
0 

l i n e s  which can be  used a s  standards i n  t h e  vacuum region of the  spectrum: 

AX 2213 (AlIII), 1727 (SiIV),  1640 (HeII),  1352 (AlIII), 1085 (HeII),  1026 

( H ) ,  972 (H), 950 (E), 937 (HI, 695 (AlIII), 560 (MIII )  456 (si I V ) Y  237 

(HeII) ,  234 (He 111, 232 (HeII ) ,  231 (€MI). 

Apparently, t h e  l i n e s  of Be 11, Mg 11, B I11 and P V a r e  a l so  s u i t a b l e  

f o r  t hese  purposes, but  nobody has ve r i f i ed  the  p o s s i b i l i t y  of t h e i r  use.  

4. Absolutely Black Radiation as a Standard i n  the  Vacuum Region of t h e  

Spe c t rum 

The problem of  the  c rea t ion  of s tandards i n  the  vacuum region of t h e  

spectrum w a s  solved i n  r e f s .  22 and 23 i n  a d i f f e r e n t  manner. The i n t e n s i t y  

s tandard i n  t h e  vacuum region can be the  r a d i a t i o n  of ind iv idua l  s p e c t r a l  

l i n e s  i f  it corresponds t o  t h e  r ad ia t ion  of an absolute  black body a t  t h e  

temperature of t h e  source.  Garton and Fos te r  (ref.  22) suggested t h e  use of 
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the  r ad ia t ion  of an o p t i c a l l y  t h i c k  arc a t  temperature T = 12436O K, cur ren t  

i n t e n s i t y  of 50 A, channel diameter of 8 mm, and P = 1 atm. 

i n t e n s i t y  of t he  l i n e  L 

l i g h t  source a re  discussed i n  more d e t a i l  i n  r e f .  23, where use w a s  made of an 

a r c  burning i n  argon. 

Maecker ( r e f .  24). The a rc  was s t ab i l i zed  with wal ls .  The channel of the  a r c  

was formed ins ide  per fora ted  water-cooled copper p l a t e s .  

Fig.  4, t h e  d is tance  between the  p l a t e s  i s  constant  and i s  reduced only between 

t h e  second and t h i r d  p a i r s  of p l a t e s  (2  mm). 

grapIiTte, and the  washers are  insulated with t e f l o n  l i n g s .  The a r c  i s  s t ruck  

by means of a t h i n  copper wire  which connects t h e  cathode t o  t h e  anode. 

en te r s  i n t o  apertures  1, 2, and 3, and the  plasma i s  formed on both 

s ides  of t h e  cons t r ic t ion .  

fou r th  washers (beginning with the  four th  washer), a homogeneous plasma of 

constant  temperature i s  obtained. 

0 
He ca lcu la ted  t h e  

and 01 (1302 I). The problems of c rea t ing  such a 
m. 

The plasma was obtained i n  a cascade a rc  developed by 

A s  i s  evident  from 

The e lec t rodes  are made of 

Gas 

Owing t o  t h e  l a r g e  dis tance between t h e  t h i r d  and 

The added gas (hydrogen) i s  introduced i n t o  

- 
5CM 

2- 
1- 

2- 
3-  

-2 
- 7  

2 
3 

c_ 

c- 

Figure 4. Diagram of cascade a rc .  



aper  tu re  Z i n  amounts which do not cause a change i n  temperature; t h e  hydrogen 

concentrat ion should be su f f i c i en t  s o  t h a t  i t s  r ad ia t ion ,  when observed along 

t h e  axis of t h e  a r c  corresponds t o  the r ad ia t ion  of an absolute  black body. 

The temperature w a s  determined from the Saha formula which, as w e  know, contains  

the  e l ec t ron  concentration. The la t te r  w a s  measured from t h e  S tark  broadening 

H 

t r a t i o n  a re  constant  i n  t h a t  p a r t  of t h e  discharge where hydrogen glows; 

hydrogen does not reach those p a r t s  of t h e  a rc  where t h e  temperature changes 

because of t he  counterflow of t h e  gas. One can assume, therefore ,  t h a t  t h e  

../ 

Special  experiments showed t h a t  t h e  a rc  temperature and hydrogen concen- B' 

whole l a y e r  of gas i n  which hydrogen i s  exci ted i s  homogeneous. After  a p096 

homogeneous, glowing column was formed, it w a s  necessary t o  c rea t e  condi t ions 

which would permit t he  recording of t h i s  r ad ia t ion  by means of a vacuum spec- 

t rograph without absorption. To t h i s  end, a vacuum chamber with d i f f e r e n t i a l  

pumping w a s  used whose construct ion i s  apparent from Fig.  5.  The diameter of 

of t he  source w a s  0.9 mm, and t h a t  o f  t h e  others ,  1 .3  mm. All the  diaphragms 

I 

1 

4 - 

Figure 5.  Vacuum chamber with d i f f e r e n t i a l  pumping. 
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8 

were located on the  o p t i c a l  ax i s  a t  a d i s tance  of 8 mm from one another.  

chamber w a s  evacuated separa te ly .  

t h a t  i n  t h e  v i c i n i t y  of L 

d i s t ance  of 10 A .  
poss ib l e  t o  obta in  a homogeneous rad ia t ion  which corresponds t o  the  r ad ia t ion  

of anabsolute black body a t  11900° K. 

and corresponding t o  a u n i t  wavelength i n t e r v a l  may be ca lcu la ted  from the  

formula 

Each 

A t  a s l i t  width of 0.15 tnm it w a s  ve r i f i ed  

(1216 A) the r ad ia t ion  w a s  homogeneous over a a 
Thus, i n  the  range of wavelengths of 1211-1221 i, it i s  

The l i g h t  f l u x  en ter ing  the  spectrograph 

FS 
(1’ = Qz B, (T), 

where F i s  t h e  a rea  of t h e  entrance diaphragm; S i s  t h e  area of t h e  s l i t ;  a i s  

t h e  d i s t ance  t o  t h e  s l i t  of t h e  spectrograph; B i s  the  br ightness  of t h e  source. x 
Using t h i s  source, one can s imi l a r ly  obta in  s tandards f o r  t he  r ad ia t ion  of 

o the r  gases.  

Grim ( r e f .  13) chose the  same source, and suggested t h e  use of t h e  r a d i -  

a t i o n  of an o p t i c a l l y  t h i c k  l a y e r  of helium and hydrogen i n  a shock tube.  

To c rea t e  a r ad ia t ion  standard i n  the  vacuum region of t h e  spectrum, it 

i s  apparent ly  easy t o  use a glow discharge i n  i n e r t  gases.  

(ref.  25) po in t s  out  t h a t  when t h e  length of t h e  c a p i l l a r y  i n  the  lamp which 

he constructed w a s  increased, t h e  i n t e n s i t y  of t he  resonance l i n e s  of xenon 

did not  increase.  

along i t s  ax i s  r a d i a t e s  as an absolute black body. 

r a d i a t i o n  i n t e n s i t y  of t h e  resonance l i n e s ,  it i s  necessary t o  know t h e  

temperature corresponding t o  the  rad ia t ion  of each of these  resonance l i n e s .  

To do t h i s ,  it i s  necessary t o  determine the  populat ion a t  t h e  l e v e l s  

Thus, Yakovlev 

This i s  poss ib le  only i f  t h e  c a p i l l a r y  of t h i s  lamp observed 

I n  order  t o  ca l cu la t e  t he  



. 

P4 and P2 (Fig. 6 ) .  According t o  Boltzmann's formula 

where N 

ground l e v e l ;  v 2  i s  the  frequency of t h e  resonance l i n e ;  g2 and go a r e  

s t a t i s t i c a l  weights. 

i s  t h e  population of t he  upper l e v e l ;  N i s  t h e  population of the  
2 0 

N2 N4*: 

_L1. 
Figure 6. Diagram of t r a n s i t i o n s  i n  i n e r t  gases.  

The s p e c t r a l  r ad ia t ion  dens i ty  may be found f r o m  t h e  approximate Wien 

formula 

where h- i s  t h e  wavelength of t he  resonance l i n e .  
2 

Using formulas (7) 

S imi la r ly ,  w e  f i nd  

Thus, t o  determine 

know t h e  populations of 

and (8), one can show t h a t  

t h e  expression for p ( X  ). 

t h e  s p e c t r a l  r a d i a t i o n  densi ty ,  it i s  necessary t o  
4 

l e v e l s  p4 and p2  (N4 and N2). They can be  determined 

by t h e  method of anomalous dispers ion of reabsor t ion  if one knows t h e  o s c i l -  

2' l a t o r  fo rces  of l i n e s  whose lower l eve l s  are p4 and p 

The t r a n s i t i o n  p r o b a b i l i t i e s  fo r  argon l i n e s  ly ing  i n  t h e  v i s i b l e  appar- 
~ ~ t + ~ ~ % ~  ( . 1 5 t  ) I ard. 

e n t l y  have been r e l i a b l y  calculated f o r  helium ( r e f .  27), whereas r e l i a b l e  
A 
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ca lcu la t ions  or measurements of absolute t r a n s i t i o n  p r o b a b i l i t i e s  are s t i l l  

lacking f o r  Krypton, xenon and neon. When the  o s c i l l a t o r  fo rces  of t he  l i n e s  

of i n e r t  gases a re  determined, a s e r i e s  of s tandards w i l l  be added: 

1295 A, K 1235 A, 1165 A, Ar 1067 A,  1048 A, N e  744 A, He 584 A, 537 d.  
observat ions of the r ad ia t ion  of heavy i n e r t  gases,  lamps wi th  l i t h ium f l u o r i d e  

Xe 1470 A, 
N t  7.2 h B 

For 

windows can be constructed.  For helium and neon, t h e  lamp should be open, and 

the re fo re ,  i n  order  t o  avoid t h e  self-absorpt ion of absolute  black body 

r ad ia t ion ,  it i s  necessary t o  construct  a chamber wi th  d i f f e r e n t i a l  pumping; 12098 

t h i s  complicates t he  design of t h e  lamp considerably. The "standards" used 

can a l s o  be  t h e  l i n e s  of t h e  heaviest  i n e r t  gas radon (1786 and 1452 A ) .  

5. Synchrotron and Secondary Radiation Standards i n  t h e  Vacuum Region of t h e  

Spectrum 

The synchrotron i s  a l i g h t  source which should p l a y  a considerable  p a r t  

i n  vacuum spectroscopy (refs. 28, 29). I t s  r ad ia t ion  can be p r e c i s e l y  ca lcu la ted  

both i n  re la t ive and i n  absolute  u n i t s .  The instantaneous power P(X, t)  radia ted  

i n  a l l  d i r ec t ions  may be found from the  following formula 

where R i s  t h e  o r b i t  rad ius  and E i s  t he  energy. 

t h e  formula 

G (y )  can be found from 
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K (?)is a complex combination of Bessel func t ions  of an imaginary argument, and 

the  i n t e g r a l  en ter ing  i n t o  formula (11) can be in tegra ted  numerically. 
5 / 3  
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To determine P (A,  t )  , it i s  necessary t o  know energy E and wavelength A; 

f i r s t  f o r  a given energy E, X 

wavelengths from the  graph shown i n  Fig. 7. 

i s  apparent t h a t  P (A)  - E 

t h a t  t h e  width of t h e  d i s t r i b u t i o n  a t  po in t s  corresponding t o  one-half t he  

i s  calculated,  then G(y) i s  found f o r  var ious 
C 

From Formulas (10) and (12) it 

It can be r ead i ly  shown (Fig. 7) 7 3 and he -E- . 

i n t e n s i t y  i s  0.84 he. 

l i t t l e  with changing wavelength. 

This means tha t  a t  low energies  t h e  i n t e n s i t y  changes 

This may be readily ver i f i ed  by examining 



instrument ( the  d ispers ion  va r i e s  from 0.7 t o  1.8 H/mm). 

check, po in t s  were obtained which a re  shown on a curve (Fig.  10 ) .  

theory,  the  energies  corresponding t o  one Angstrom u n i t  a t  a given wavelength 

A s  a r e s u l t  of t h e  

To check the  
0 

f o r  321 and 233 Mev were compared w i t h  one another. The comparison w a s  made 12099 

i n  t h e  wavelength range from 170 t o  250 A. 

t he  t h e o r e t i c a l  one. The c lose  agreement between t h e  theory and experiment 

may be regarded as a confirmation of t h e  theory.  All t h e  measurements were 

made photographically.  

The energy r a t i o  w a s  compared wi th  

This work i s  i n t e r e s t i n g  not only because it shows t h e  p o s s i b i l i t y  of 

zsLng the synchrotron as a standard l i g h t  source, but a l s o  because it gives  

d e t a i l e d  recommendations concerning the  technique of photographic measurements 

i n  the  vacuum u l t r a v i o l e t .  

2800 3600 4400 
Wavr\ev gti , K 

Figure 9. Comparison of t he  

0 100 ’ zoo 300 
Wa.i:’,e,,gtL, R 

Figure 10. Comparison of t h e  t h e o r e t i c a l  

t h e o r e t i c a l  s p e c t r a l  d i s t r i b u t i o n  s p e c t r a l  d i s t r i b u t i o n  of average power of 

of t h e  average power of synchrotron 

wi th  t h e  experimental one a t  an 

energy of 60 mev (hX 2800-4600 H) . 

synchrotron with t h e  experimental one a t  

an energy of 321 m e v  (XX~O-350 i). 

Using synchrotron r ad ia t ion ,  one can c a l i b r a t e  such l i g h t  sources as the  

hydrogen lamp (refs. 31, 32) and a condensed glow discharge i n  i n e r t  gases  

( r e f .  33). The hydrogen lamp gives of f  a continuous r ad ia t ion  up t o  1630 i, 



and a band spectrum up t o  900 A. 
600 A. 
They can be ca l ib ra t ed  not only by means of a synchrotron, bu t  a l s o  by 

recording the  i r r a d i a t i o n  with instruments and de tec to r s  of known s p e c t r a l  

s e n s i t i v i t y ;  a nonselect ive de t ec to r  i s  best su i t ed  f o r  t h i s  purpose. A 

technique of such type of measurements has been perfected i n  the  v i s i b l e  and 

near  u l t r a v i o l e t  (ref. 34). 

The helium continuum extends from 4000 t o  

These r ad ia t ion  sources can be ed as secondary r ad ia t ion  s tandards.  

This method of absolute  ca l ib ra t ion  proposed by Garton (ref. 13) s tands  

somewhat apa r t  from t h e  o thers .  It is  based on t h e  f a c t  t h a t  l i g h t  rad ia ted  

by a condensed discharge i n  helium (pressure of t he  order  of a f e w  mi l l imeters  

of mercury) passes through an absorption chamber (p - 0.1 mm) before  en ter ing  

t h e  spectrograph. The change i n  i n t e n s i t y  i s  measured as a func t ion  of t h e  

pressure  i n  t h e  absorpt ion chamber. From t h e  known photoionizat ion c ros s  

sec t ion  one can f ind  t h e  number of photons which have l e f t  t h e  beam and relate 

it t o  t h e  change i n  the  i n t e n s i t y  of t h e  helium l i n e .  

6. Determination of t h e  Transmission Coeff ic ien t  of a Spec t r a l  Instrument 

The transmission coe f f i c i en t  of a s p e c t r a l  instrument o r  i t s  e f f i c i e n c y  

can be determined by means of an addi t iona l  monochromator ( r e f s .  35, 36). I n  

v i s i b l e  and u l t r a v i o l e t ,  these  measurements do not present  any p a r t i c u l a r  

d i f f i c u l t i e s ;  t h e  i n t e n s i t y  of l i g h t  which has passed through t h e  f i rs t  mono- 

chromators i s  measured, making it possible  t o  determine t h e  t ransmission 

c o e f f i c i e n t  of t he  second instrument; i n  absolute  measurements, one must know 

t h e  absolu te  value of t h e  transmission c o e f f i c i e n t  of t h e  monochromator, and 

i n  r e l a t i v e  measurements t h i s  value may be measured i n  r e l a t i v e  u n i t s  for 

d i f f e r e n t  wavelengths. I n  the  vacuum region, such measurements involve con- 

s ide rab le  d i f f i c u l t i e s ,  and f o r  t h i s  reason it i s  usua l ly  prefer red  t o  use an 
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add i t iona l  monochromator f o r  determining sepa ra t e ly  and at  various incidence 

angles the  e f f i c i ency  of t h e  d i f f r ac t ion  g ra t ing  of t he  instrument being 

ca l ibra ted .  The d i f f i c u l t i e s  involved i n  t h e  c a l i b r a t i o n  were successfu l ly  

overcome i n  a s e r i e s  of experimental devices (refs. 37-40). 

t h e  g ra t ing  w a s  studied as a function of t h e  wavelength, angle of incidence,  

The e f f i c i e n c y  of 

coating, e t c .  All  t hese  measurements showed t h a t  i n  a whole s e r i e s  of cases  

t h e  l o s s e s  were very high and the  e f f ic iency  w a s  less than 1%. The g ra t ing  

e f f ic iency  may v a r y  appreciably i n  d i f f e r e n t  p a r t s  of t h e  gra t ing .  For s h o r t  

waves, t he  e f f i c i ency  of g l a s s  gra t ings  i s  g r e a t e r  than t h a t  of aluminum-coated 

gra t ings .  When the  incidence of l i g h t  i s  normal on the  g ra t ing ,  t he  e f f i c i ency  

dec l ines  very  sharply i n  t h e  shortwave region, and f o r  t h i s  reason, instruments 

wi th  normal incidence of l i g h t  are not employed f o r  wavelengths of l e s s  than  

500 H. 
N i k i t i n  ( r e f .  39) ;  it should be noted t h a t  a t  l a r g e  angles of incidence (grazing 

The p rope r t i e s  of a g ra t ing  were s tudied very thoroughly by Kulikov and 

incidence) the gra t ing  e f f i c i ency  depends l i t t l e  on t h e  wavelength. 

On t h e  o the r  hand, a t  small angles  of incidence, t h i s  dependence i s  pro- 

nounced. 

MgF2, r a i s e s  t h e  r e f l e c t i o n  coef f ic ien t  of t h e  g ra t ing  considerably ( r e f .  41). 

This i s  due t o  the  f a c t  t h a t  the  MgF l a y e r  p r o t e c t s  aluminum agains t  oxidat ion,  

and t h e  oxide l a y e r  markedly decreases the  r e f l e c t i o n  coe f f i c i en t  of t h e  g ra t ing  

(ref.  42). 

The coating of an aluminized g ra t ing  by var ious f i l m s ,  p a r t i c u l a r l y  

2 

The r e f l e c t i o n  coef f ic ien t  of a g l a s s  g ra t ing  i n  t h e  s o f t  > i - ra~( '~f .~Y)  

region increases  when a gold coating i s  appl ied.  

We s h a l l  descr ibe  one of t h e  procedures used f o r  measuring t h e  e f f i c i e n c y  

of a d i f f r a c t i o n  g ra t ing  (Fig.  11) (ref. 40).  

attachment w a s  made f o r  t h e  Sei-Namiok monochromator ( r e f .  15). 

c o n s i s t s  of a rec tangular  housing i n  which a r e  placed the  gra t ing ,  t h e  

A s  i s  evident  from Fig.  11, an 

The attachment 
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Figure 11. Diagram of setup f o r  t h e  

c a l i b r a t i o n  of a d i f f r a c t i o n  g ra t ing  

photomult ipi ler  P.M., and a l e v e r  system permit t ing the  r o t a t i o n  of t h e  PEM 

around F. When t h e  photomult ipl ier  i s  placed a t  p o i c t  A, i t  i s  s t ruck  by all 

of the  l i g h t  Io inc ident  on the  gra t ing .  

a t tenuated  by r e f l e c t i o n  from the  gra t ing  being ca l ib ra t ed  w i l l  be recorded. 

During t h e  ca l ib ra t ion ,  it i s  necessary t h a t  both gra t ings  be i n  a pos i t i on  

such t h a t  t he  same wavelengths a re  present  a t  t he  entrance and e x i t  of t h e  

attachment t o  the  monochromator. The above-described method i s  a l s o  su i t ed  

f o r  measuring the  transmission coe f f i c i en t  of spectrographs.  

If the  PEM i s  placed a t  I, l i g h t  

I n  many as t rophys ica l  inves t iga t ions ,  t h e  t r ansmiss iv i ty  of a s p e c t r a l  

instrument w a s  determined by measurements with two spectrographs ( r e f .  44). 

Thus, i n  a s tudy of u l t r a v i o l e t  solar rad ia t ion ,  t h e  rocket  spectrograph being 

ca l ib ra t ed  recorded t h e  r ad ia t ion  of a l i n e  whose absolute  i n t e n s i t y  w a s  

measured by means of a labora tory  spectrograph. 

l i n e  dens i ty  were made a t  t h e  e x i t  from t h e  rocket instrument,  and t h i s  

d e n s i t y  was successfu l ly  correlated wi th  t h e  energy inc ident  on t h e  f i l m .  

knowing t h e  energy inc ident  on the  instrument and the  energy a f t e r  passage 

Measurements of t h e  s p e c t r a l  /2101 

Thus, 

through the  instrument, one can f ind t h e  transmission coe f f i c i en t  of t h e  

spectrograph. Tomboulian and Behring proposed a method f o r  determining t h e  
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e f f i c i ency  of a g ra t ing  based on a comparison wi th  a g r a t i n g  of known 

e f f i c i e n c y  (ref. 45). 

The use of a second s p e c t r a l  instrument may be avoided i n  c a l i b r a t i n g  a 

monochromator or spectrograph i f  the l i g h t  source used i s  monochromatic (refs. 

30 ,  46). 

c o e f f i c i e n t  of t he  instrument: one a t  t he  entrance s l i t  of t h e  instrument and 

one a t  t h e  ex i t  s l i t  of t he  monochromator or i n  t h e  p la te -holder  part of  t h e  

spectrograph. This method was used by Sprague e t  al. (ref. 30) t o  determine 

t h e  r e f l e c t i o n  c o e f f i c i e n t  of a gra t ing  i n  the  s o f t  X-ray region. The same 

method w a s  used i n  r e f .  46 t o  dctexmine the e f f i c i e n c y  of a DFS-6 spectrograph. 

Two measurements must then b e  made t o  determine t h e  t ransmission 

7. Measurement of Rela t ive  and Absolute I n t e n s i t y  a t  t h e  Exi t  from t h e  

Spec t r a l  Instrument 

I n  measuring t h e  absolute  and r e l a t i v e  i n t e n s i t i e s  of s p e c t r a l  l i n e s  

rad ia ted  by a given l i g h t  source, it i s  necessary t o  solve two independent 

problems: determination of t h e  t r ansmiss iv i ty  c o e f f i c i e n t  of t h e  s p e c t r a l .  

instrument and measurement of t he  l i g h t  f lux leaving  the  s p e c t r a l  instrument.  

I n  many cases ,  the  second problem i s  of independent i n t e r e s t .  

es ted  i n  t h e  kind of energy t h a t  s t r i k e s  t h e  phosphor and t h e  kind of energy 

which causes a chemical react ion;  f i n a l l y ,  i n  determining t h e  quantum y i e l d  

of t h e  material of t he  photocathode, it i s  necessary t o  know the energy 

inc iden t  on t h e  photocathode. 

W e  may be i n t e r -  

I n  r e l a t i v e  measurement of i n t e n s i t y  one can use a nonselect ive d e t e c t o r  

or a d e t e c t o r  of known s p e c t r a l  c h a r a c t e r i s t i c s .  

I n  absolu te  measurements, it i s  necessary t o  know t h e  absolu te  s e n s i t i v i t y  

of t h e  de t ec to r .  



(a)  Thermochple 

The thermo2uple i s  a nonselect ive de tec tor .  A drawback of t h i s  de t ec to r  

i s  i t s  low s e n s i t i v i t y ,  so t h a t  i n  recording r ad ia t ion  by means of a thermo- 

couple it i s  necessary t o  operate  w i t h  very wide s l i t s  of t he  s p e c t r a l  

instrument,  and t h i s  upse ts  t he  monochromaticity of t h e  l i g h t  flux. A tech- 

nique of measurements by means of a thermocouple i n  t h e  vacuum region of t h e  

spectrum was developed by Packer and Lock ( r e f .  47). 

The absolute  c a l i b r a t i o n  of a thermocouple i s  usua l ly  done i n  t h e  v i s i b l e .  

To c a l i b r a t e  t h e  thermocouple it i s  necessary t o  have a source i n  which t h e  

d i s t r i b u t i o n  of i&iatCd energy i s  known ( f o r  example, an absolute  black 

body). Such measurements can be made wi th  s u f f i c i e n t  re l iab i l i ty  i n  t h e  

v i s i b l e .  For more p rec i se  measurements i n  t h e  vacuum region of t h e  spectrum, 

it i s  des i r ab le  t o  ca r ry  out  t h e  ca l ib ra t ion  by using a standard source f o r  

t h i s  region of the  spectrum, s ince  the s e n s i t i v i t y  of the  thermocouple may 

vary ever so s l i g h t l y  with the  wavelength. 

of wavelengths from 400 t o  1200 A, the  s e n s i t i v i t y  of a thermocouple with gold 

Thus, f o r  ins tance ,  i n  t h e  region 

blackening may change by seve ra l  percent because of a change i n  t h e  photo- 

e l e c t r i c  quantum y ie ld  of gold. The photons responsible  f o r  t h e  photoeffect  

do not  cause t h e  thermocouple t o  heat up, and i t s  s e n s i t i v i t y  dec l ines  ( r e f .  48). 

(b)  Photoe lec t r ic  Detectors (ref. 49) 

Photoe lec t r ic  de t ec to r s  may be divided i n t o  two groups: (1) closed-type 

d e t e c t o r s  and (2) open-type de tec tors .  

The use of closed-type photoe lec t r ic  de t ec to r s  i s  based on t h e  f a c t  t h a t  /2102 

luminophors acted upon by extreme u l t r a v i o l e t  r ad ia t ion  e m i t  l i g h t  which 

passes  through the  g l a s s  windows of t he  photomult ipl ier  or photoce l l .  As a 

r u l e ,  a l a y e r  of luminophor i s  applied on t h e  window of t h e  photomult ipl ier .  
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Depending upon the  luminophors employed, t hese  de t ec to r s  may be s e l e c t i v e  or 

nonselect ive.  Among the numerous luninophors, it appears most convenient t o  

use a l a y e r  applied by spraying saturated with an alcohol  so lu t ion  of sodium 

s a l i c y l a t e  (refs. 48, 50-55) .  Numerous inves t iga t ions  have shown t h a t  f r e s h l y  

prepared l aye r s  of sodium s a l i c y l a t e  have a constant quantum y i e l d  (within 

10%) i n  t he  s p e c t r a l  region from 400 t o  3400 A. For wavelengths s h o r t e r  than 

1600 A, an appreciable f a t igue  e f f e c t  i s  observed for l a y e r s  prepared seve ra l  

days before i r r a d i a t i o n .  

i n  the  shortwave region (refs. 48, 52). 

) 

0 

The drop i n  quantum y ie ld  i s  p a r t i c u l a r l y  apparent 

The f a t i g u e  e f f e c t  of a luminophor i s  apparent ly  due t o  i t s  i n t e r a c t i o n  

wi th  var ious vapors in s ide  the  monochromator, f o r  example, t h e  formation of 

an absorbing l a y e r  on t h e  phosphor i tself ,  o r  poss ib le  chemical r eac t ions  

(ref. 52). 

When the  phosphor i s  s tored  i n  a i r  for a long time, no aging i s  observed 

( r e f .  54). 

A sharp decrease i n  quantum yie ld  f o r  sodium s a l i c y l a t e  wi th  decreasing 

wavelength was found i n  t h e  work of Vasseur and Cantin (ref. 56). 

y i e l d  depends considerably on t h e  thickness of t h e  l aye r ;  a technique of 

applying l a y e r s  of various thicknesses has been elaborated ( r e f .  57). For 

each wavelength, an optimum l a y e r  thickness  can be found f o r  which a maximum 

quantum y i e l d  i s  observed. The exis tence of such an optimum thickness  i s  

understandable i f  it i s  considered t h a t  no complete absorpt ion of i nc iden t  

r a d i a t i o n  i s  observed i n  a t h i n  layer ,  whereas i n  a t h i c k  l a y e r ,  even t h e  

l i g h t  of t h e  luminescence i t s e l f  can be absorbed. 

The quantum 

I n  t h e i r  experlments, t h e  

optimum l a y e r  

y i e ld  f o r  t h e  

2 thickness  w a s  found t o  be 2.3 mg/cm . 
optimum l a y e r  thickness changed by a f a c t o r  of t h r e e  (from 28 t o  

The absolute  quantum 
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8%) i n  going from 500 t o  3000 k .  
y ie ld  does not change as sharply with changing wavelengths (by no more than 

a f a c t o r  of two). 

not ion t h a t  t h e  quantum y i e l d  of sodium s a l i c y l a t e  i s  constant .  It may be 

t h a t  old layers have been invest igated,  and t h i s  explains  t h e  drop i n  t h e  

s e n s i t i v i t y  of the  luminophor i n  t h e  shortwave region. 

I n  th i cke r  and th inne r  layers, t h e  quantum 

Thus, t he  r e s u l t s  of t h i s  work cont rad ic t  t he  widely accepted 

I n  t h i s  work, we f i rs t  f ind  the  absolute  value of t h e  quantum y i e l d  of 

sodium s a l i c y l a t e ,  but it i s  d i f f i c u l t  t o  say how r e l i a b l e  these  measurements 

a re .  

( r e f .  5 6 ) ,  and according t o  Nygaard s mcasurements about 40$ ( r e f .  5 8 ) .  The 

value of t he  quantum y ie ld  of t h i s  luminophor may be evaluated i n d i r e c t l y  

from t h e  following data:  

s e r i e s  of substances including anthracene, and i n  the  work of Watanabe and 

Inn  (ref.  51) it was shown t h a t  t h e  photocurrents observed i n  a s tudy of t he  

luminescence of  anthracene and sodium s a l i c y l a t e  d i f f e r  only s l i g h t l y ;  from 

each o t h e r  and, s ince  the  regions of luminescence of t h e  two phosphors coin- 

c ide,  t he  quantum y i e l d s  should a l so  coincide (about 20$ f o r  both phosphors). 

I n  t h e  work of Chang ( r e f .  60) the  quantum y ie ld  of sodium s a l i c y l a t e  w a s  

taken t o  be 10%; a f t e r  an accurate  determination of t h e  quantum y i e l d s  of a 

s e r i e s  of luminophors (ref.  59) by means of comparative measurements, t h e  

quantum y ie ld  of o the r  luminophors can be r e a d i l y  found ( r e f .  60). 

as it may seem, desp i t e  t he  use of sodium s a l i c y l a t e ,  i n  t h e  overwhelming 

major i ty  of s t u d i e s  where t h e  vacuum u l t r a v i o l e t  was recorded by means of t he  

For h 2537 A a t  the  optimum l a y e r  thickness ,  t h e  quantum y ie ld  w a s  70% 

Melhuish ( r e f .  59) measured t h e  quantum y ie ld  of a 

Strange 

luminescence of luminophors, no r e l i a b l e  d a t a  a re  given f o r  i t s  quantum 

y ie ld .  

does not have t o  be known f o r  absolute measurements, s ince  t h e  e n t i r e  system as 

/2  103 

This may be due t o  t h e  f a c t  t h a t  t he  quantum y i e l d  of t h e  phosphor 
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a whole (phosphor + photomult ipl ier)  is  usua l ly  ca l ib ra t ed .  

of sodium s a l i c y l a t e  i s  g r e a t e r  than tha t  of many o the r  phosphors (refs. 50, 

53, 54). 

no one has shown t h a t  it i s  c lose  t o  uni ty .  Lumogen has c e r t a i n  advantages 

over t h i s  luminophor because i t s  s e n s i t i v i t y  extends up t o  4600 ( r e f .  62). 

I n  the  shortwave region, terphenyl ( re f .  36) has a higher  quantum y i e l d  than 

sodium s a l i c y l a t e  (ref. 56). 

The quantum y ie ld  

However, cont ra ry  t o  the  erroneous statement by Krokowsky ( r e f .  61), 

Heterochromatic photometry by means of luminophors having a constant  

quantum y ie ld  i s  extremely simple, since it amounts t o  comparing r ad ia t ions  

of a constant  s p e c t r a l  c s x p s i t i o n ,  and f o r  t h i s  reason the  s p e c t r a l  char- 

a c t e r i s t i c s  of t he  PEM do not have to  be known. 

a PEM wi th  maximum s e n s i t i v i t y  i n  the region of luminescence of t h e  phosphor 

i s  des i red .  

I n  choosing a photomult ipl ier ,  

I n  order  t o  perform absolute  measurements, t h e  photomult ipl ier  i s  

ca l ib ra t ed  by comparison wi th  a thermocouple. The c a l i b r a t i o n  method i s  based 

on comparing t h e  thermocurrents and photocurrents ( r e f s .  50,  63). Unfortunately,  

when t h e  c a l i b r a t i o n  i s  car r ied  out  by t h i s  method, many sources of e r r o r  a r i s e :  

(1) inaccuracy i n  t h e  c a l i b r a t i o n  of t h e  thermocouple i t s e l f ,  (2) i r r e g u l a r i t y  

i n  t h e  operat ion of t h e  photomultiplier,  and (3) change i n  the p rope r t i e s  of 

t h e  luminophor. 

e n t i r e  system as a whole (photomultiplier + luminophor l a y e r )  i s  determined. 

Photomult ipl iers  can be ca l ibra ted  not only with a thermocouple but a l s o  by 

using photochemical reac t ions  ( r e f s .  64, 6 5 ) .  

t h e  c a l i b r a t i o n  by means of the  react ion of formation of ozone under t h e  

inf luence  of t he  resonance rad ia t ion  of mercury ( A  2337 H); i n  measurements 

of high l i g h t  fluxes capable of inducing a photochemical reac t ion ,  it i s  

When absolute  measurements are made, t h e  quantum y i e l d  of t h e  

It i s  convenient t o  c a r r y  out  



necessary t o  decrease t h e  s e n s i t i v i t y  of t h e  photomult ipl ier  and operate  a t  low 

vol tages .  Knowing t h e  dependence of the amplif icat ion f a c t o r  on the  vol tage,  

one can measure considerably weaker l i g h t  fluxes than those which cause chemical 

7 reac t ions  ( the  a t tenuat ion  may amount t o  a f a c t o r  of 10  ) .  

An important disadvantage of close-type photomult ipl iers  i s  t h e i r  sen- 

s i t i v i t y  t o  r ad ia t ion  i n  t h e  v i s i b l e  and near u l t r a v i o l e t .  I n  t h i s  case,  it 

5s much more expedient t o  use open-type photomult ipl iers  (refs. 49, 63, 66-71), 

which are termed "blind t o  the  sun." They have t h e  advantage of being highly 

s e n s i t i v e  

s i t i v e  i n  t h e  region abeve 2952 A. Thfs l eads  t o  a decrease i n  t h e  e r r o r s  

due t o  t h e  presence of s ca t t e r ed  l i g h t .  

1000 A ,  a requirement of prime importance s e t  f o r  t he  d e t e c t o r  i s  an abrupt 

dec l ine  i n  the  s p e c t r a l  c h a r a c t e r i s t i c  i n  t h e  region from 2000 t o  1000 1. One 

of t h e  methods of a t tenuat ing  t h e  longwave r ad ia t ion  i s  t h e  method of e l e c t r i c  

con t ro l  of t h e  s p e c t r a l  c h a r a c t e r i s t i c  of t h e  photomult ipl ier  (ref. 72) .  

t h i s  end, a negative p o t e n t i a l  i s  applied t o  a g r id  loca ted  i n  f r o n t  of t h e  

cathode. The g r id  s tops  slow photoelectrons.  Another method, t h a t  of f i l t e r s ,  

may f i n d  appl ica t ions  ( r e f .  73). The f i l t e r s  used may be t h i n  me ta l l i c  f i l m s  

(of t h e  order  of a f e w  t en ths  of a micron) of Al, Sn, I n ,  B i ,  Au, Ag, Cd 

( ref .  74). 

f o r  wavelengths above 1200 B .  I n  each case, a f i l t e r  can be se lec ted  which 

i n  combination with a s u i t a b l y  chosen photocathode permits  t h e  recording of 

r a d i a t i o n  i n  a r e l a t i v e l y  narrow spec t r a l  i n t e r v a l .  These f i l t e r s  may f ind  

app l i ca t ions  i n  t h e  recording of rad ia t ion  without a s p e c t r a l  instrument (see 

below). 

of a bulk pho toe lec t r i c  e f f e c t  whose inf luence i s  s t ronger  than t h a t  of t he  

i n  the  s p e c t r a l  region A< 2000 H and v i r t u a l l y  completely insen- 
0 

I n  recording r ad ia t ion  s h o r t e r  than 
0 

To 

The t ransmission coe f f i c i en t  of these  f i l t e r s  decreases abrupt ly  
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The operat ion of open-type photomult ipl iers  i s  based on the  ex is tence  



ordinary surface effect. 

electric photoeffect is independent of the state of the cathode surface (ref. 

49). 

of pure metals in the region of 1000 A is of the order of 0.1 electron/quantum 

(refs. 72, 73,  76) , i.e., is much greater than the quantum yield in the region 
of the near ultraviolet ( 10-3-10-5 electron/quantum) . 
use is made of composite photocathodes with a quantum yield no lower than that 

of pure metals. The photocathodes used are Cu-I, Cs-Te, Cs-Sb, Rb-Te, Cs-I 

(ref. 68), BeO, MgO,  SS2, Cs-I and a series of other materials (refs. 69, 70). 
In the soft X-ray regioi?, phstsmlt?pliers from Cs-I and Sr-F are particularly 

effective (refs. 77, 78), and their quantum yield attains several dozen per- 

cent. When these photomultipliers are used, the recording of the photocurrents 

is done in most cases by counting the pulses from individual photoelectrons 

(ref. 78). 

multipliers is determined by the value of the quantum yield of the external 

photoeffect of the photocathode. 

What is very important is the fact that the bulk photo- 

Pure metals, W, Pt, Ni, Au, can be used as the cathode. The quantum yield 

In many photomultipliers, 

2 

In a correct operating method, the efficiency of open-type photo- 

In order to carry out relative measurements, one must know the dependence 

of the quantum yield of the photocathode on the wavelength. Such data can be 

obtained by a comparison with a nonselective detector (e.g., a thermocouple). 

An open-type photomultiplier can also be calibrated by comparing it with a 

closed-type photomultiplier; steps must be taken to exclude the access of 

scattered light. 

Electron multipliers with magnetic focusing are used to record short 

Their characteristic feature is that a continuous strip ultraviolet radiation. 

of a high-resistance semiconducting material is used as the dynode. A de- 

scription of these photomultipliers can be found (ref. 49, 79-81). Fig. 12 



Figure 12. C i r c u i t  of photomult ipl ier  with magnetic focusing. 

shows a diagram of the  operat ion of the I n s t ~ m e n t .  

two s t r i p s  having a high r e s i s t ance ;  the  d i s t ance  between them i s  only a f e w  

milimeters. 

cont inuat ion of t h e  dynode s t r ip .  

plane of t h e  f i g u r e  (-300 g s ) .  

i s  applied across  t h e  ends of t h e  electrodes.  

p o s i t i v e  r e l a t i v e  t o  t h e  lower electrode i s  applied t o  t h e  upper e l ec t rode .  

d i r e c t i o n  of t h e  equ ipo ten t i a l  surfaces i s  shown i n  F ig .  12. 

i n  a cycloid and s t r i k e  the  dynode without passing through i t s  full loop. The /2lO5 

vol tages  are se l ec t ed  so t h a t  t h e  coe f f i c i en t  of secondary emission i s  g r e a t e r  

than un i ty .  The e l e c t r o n  beam is  col lected a t  the anode (a ten-cascade photo- 

m u l t i p l i e r  i s  shown i n  t h e  f i g u r e ) .  The ampl i f i ca t ion  f a c t o r  along t h e  dynode 

s t r i p  changes with the  applied voltage. A s  t h e  voltage increases  from 1000 t o  

The m u l t i p l i e r  c o n s i s t s  of 

Light passing through the g r i d  s t r i k e s  t h e  cathode, which i s  a 

The magnetic f i e l d  i s  perpendicular t o  the  

The same p h o t e n t i a l  d i f f e rence  (- l5OO-2OOO V )  

I n  addi t ion,  a p o t e n t i a l  which i s  

The 

The e l ec t rons  move 

2000, t h e  amplif icat ion f a c t o r  increases from 10  5 t o  lo9 - f o l d  ( ref .  79). 

Spec ia l  experiments were ca r r i ed  out t o  compare t h e  s e n s i t i v i t i e s  of t h e s e  

photomult ipl iers  coated wi th  alluminophor f o r  t h e  s p e c t r a l  region below and 

above 1050 A. Conditions were selected f o r  which t h e  s i g n a l s  measured by both 
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photomult ipl iers  i n  the  shortwave region were the  same. 

i s  w a s  found t h a t  t he  s i g n a l  for rad ia t ion  longer  than l050i i n  t h e  PEM wi th  

magnetic focusing was 100 times smaller  than i n  the  closed-type PEM. There 

l i e s  t he  overwhelming advantage of t h e  above-described photomult ipl iers ,  s ince  

Under these  condi t ions 

it permits  one t o  disregard sca t t e red  l i g h t  f o r  P1000 A. 

improvements of photomult ipl iers  with magnetic focusing see t h e  review of 

Hinteregger ( r e f .  49) . 

Concerning f u r t h e r  

A new de tec tor  of vacuum u l t r a v i o l e t  r ad ia t ion  was proposed by Lincke and 

Wilkerson ( r e f .  82). It i s  ca l led  t h e  PS (photoemission - s c i n t i l l a t i o n )  

de t ec to r  (Fig. 15). 

the  gold cathode. The cathode i s  a t  a p o t e n t i a l  of 15 kV relat ive t o  t h e  

grounded chamber. The photoelectrons leaving t h e  gold cathode a re  accelerated 

along t h e  d i r e c t i o n  toward t h e  s c i n t i l l a t o r ,  whose thickness  i s  3.2 mm. The 

e m i t t e d  l i g h t  passes through t h e  window of the  photomult ipl ier  and i s  recorded 

i n  t h e  usua l  manner. A t h i n  aluminum f i l m  is  applied on t h e  s c i n t i l l a t o r ;  

t h i s  f i l m  absorbs sca t t e red  v i s i b l e  l i g h t  and does not allow a negative charge 

t o  bui ld  up on the  s c i n t i l l a t o r ,  s o  t h a t  t h e  energy loss  of e lec t rons  passing 

through the  f i l m  i s  small. These detectors  can be used t o  record r ad ia t ion  

s h o r t e r  than 1300 1. 

The radlatior, s t r i k e s  a t  an angle of 45' t o  t h e  sur face  of 

A comparison of a PS de tec to r  with a sodium s a l i c y l a t e  de t ec to r  shows t h a t  

below 900 A a PS de tec to r  i s  more sens i t i ve  and above 1000 i, l e s s  s e n s i t i v e .  

The r e l a t i v e  s e n s i t i v i t y  of both de tec tors  changes because of t h e  change i n  t h e  

quantum y ie ld  of gold. 
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The rmop ho sphors 

Figure 13. PS de tec tors .  

Cer ta in  phosphors have t h e  property of bui lding up energy under t h e  

inf luence  of rad ia t ion .  This energy is  s tored  f o r  a long t i m e  and can be 

r ap id ly  released as r ad ia t ion  when the temperature i s  ra i sed .  One of t h e  

most commonly used themophosphors i s  CaS04-Mn ( r e f s .  83, 84).l Under t h e  

inf luence of r ad ia t ion  s h o r t e r  than 1500 A, a green thermoluminescence i s  
0 

observed ( r ad ia t ion  maximum around 5000 A ) .  Fig. 14  shows t h e  s p e c t r a l  char- /2106 

a c t e r i s t i c  of t h e  thermophosphor; the s e n s i t i v i t y  maximum coincides  with a 

wavelength of about 1030 A .  The energy accumulated by t h e  phosphor during 

i r r a d i a t i o n  i s  released on heat ing t o  180' C .  For t h e  same s p e c t r a l  composition 

of t h e  e x i t i n g  r ad ia t ion ,  t he  number of l i g h t  quanta rad ia ted  by the  phosphor on 

hea t ing  i s  d i r e c t l y  porpor t iona l  t o  the  number of l i g h t  quanta s t r i k i n g  it 

'The method of i t s  preparat ion i s  extremely simple and has been described by 

Watanabe e t  a l .  ( r e f .  83). 

34 



@BO2 I; IZOC 16@0 

Figure 14. Spectral characteristic 

of thermophosphor. 

during the excitation. In order to determine the total energy accmiiilated by 

the phosphor, the latter is heated, and the area bounded by the thermolumines- 

cence curve is measured (Fig. 15).  The area is independent of the heating rate. 

The released energy can be found by means of a storage circuit by measuring the 

amount of electricity flowing through the PEM during the luminescence of the 

phosphor (refs. 84, 85). Having the spectral characteristic of the thermophosphor, 

one can compare two light fluxes of different spectral composition (refs 83, 84). 

Figure 15. Thermoluninesqence 

curve. 

Apparently, the use of thermophosphors for these purposes is inexpedient, 

since their spectral characteristic is very steep, and for this reason the 
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accuracy of the measurement i s  very low. Furthermore, only a very narrow 

s p e c t r a l  i n t e r v a l  can usua l ly  be measured with the  a id  of t h i s  phosphor; t h i s  

considerably r e s t r i c t s  t h e  appl ica t ions  of the  phosphor t o  hete&hromatic pho- 

tometry. It i s  more convenient t o  use thermophosphors f o r  absolute  energy 

measurements. One can thus measure with s u f f i c i e n t  accuracy the  r ad ia t ion  energy 

corresponding t o  a given s p e c t r a l  l i n e .  Thus, f o r  example, a thermophosphor w a s  

used t o  measure the  i n t e n s i t y  of the  helium 1215 A l i n e  ( r e f .  46) i n  a con- 

densed discharge; L 

atmosphere ( r e f s ,  86, 87). 

was measured i n  many inves t iga ted  upper l aye r s  of  t h e  a 

To ca r ry  out  &solu te  measurements, the  quantum y ie ld  of t h e  phosphor must 

be known, it depends appreciably on the method of prepara t ion ,  t h e  p u r i t y  of 

t h e  s t a r t i n g  mater ia l s  and o the r  proper t ies ;  f o r  t h i s  reason, it i s  necessary 

t o  c a l i b r a t e  every f r e s h l y  prepared phosphor. The c a l i b r a t i o n  i s  performed by 

comparison with a thermocouple. 

of maximum s e n s i t i v i t y  may be 5-105 ( re f .  83). 

46 has a quantum y ie ld  of about 1% f o r  X 1216 i. 

The quantum y ie ld  of t he  phosphor i n  t h e  region 

The phosphor described i n  ref. 

Ion iza t ion  de tec to r s  

The recording of a spectrum and the  r e l a t i v e  and absolute measurements made 

by an ion iza t ion  chamber a r e  based on t h e  f a c t  t h a t  t h e  inc ident  quantum causes 

t h e  photo-ionization of gas .  

Watanable e t  a l .  ( r e f .  88). The chamber i tself  , having a diameter of 20 mm, and 

t h e  housing of t h e  photomult ipl ier  were placed i n  a me ta l l i c  chamber a t tached t o  

the  entrance s l i t .  

e lec t rodes  were made of platinum and were placed outs ide  the  l i g h t  beam. 

length  of t h e  e lec t rodes  was about 4 cm. 

Fig.  16 shows t h e  ion iza t ion  chamber used by 

The chamber w a s  closed with l i t h ium f l u o r i d e  windows; the  

The 

The p o t e n t i a l  d i f fe rence  created 



chamber 

between the  e lec t rodes  was seve ra l  vo l t s ,  and the  sa tu ra t ion  cur ren t  w a s  reached 

a t  only 4 V. The magnitude of the  ion  cur ren t  i s  a measure of t h e  i n t e n s i t y  of 

t he  Tncident  monochromatic r ad ia t ion .  Knowing t h e  absorption c ross  sec t ion  and 

photoionizat ion quantum y ie ld ,  one can f i n d  t h e  i n t e n s i t y  of t h e  inc ident  l i g h t  

f l u x  from t h e  value of the  ion current .  

/2107 

We s h a l l  introduce t h e  following 

symbols: 

o - t o t a l  absorpt ion c ross  sec t ion ;  No - t o t a l  number of inc iden t  photons pe r  

see;  N - t o t a l  number of photons absorbed i n  1 see; N 

formed i n  t h e  ion iza t ion  chamber i n  1 sec along t h e  pa th  1 (determined from 

1 - l ength  of ion iza t ion  chamber; o1 - photoionizat ion c ros s  sec t ion ;  

- number of i on  p a i r s  
1 

measurements of t he  ion  cur ren t ) ;  no - number of molecules p e r  u n i t  volume. 

On t h e  basis of t h e  Lambert-Beer l a w  

The value of N can be found by using the  following formula 

c/ol charac te r izes  t h e  photoionization quantum y ie ld  of t h e  gas f i l l i n g  the  

chamber. Thus, i n  order  t o  perform r e l a t i v e  measurements of i n t e n s i t y ,  one 

must know the  dependence of t h e  absorption coe f f i c i en t  of t he  gas and quantum 
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y ie ld  on t h e  wavelength. The only quant i ty  subjec t  t o  measurement i s  the  ion  

cur ren t  of t he  ion iza t ion  chamber. 

I n  absolute  measurements, it i s  necessary t o  know the  absolute  value of t he  

absorption coe f f i c i en t  of t he  gas as w e l l  as t h e  absolute  value of t he  photoion- 

i z a t i o n  quantum y ie ld .  

The f i rs t  s tud ie s  deal ing with t h e  measurement of r ad ia t ion  by means of a 

photoionizat ion chamber were car r ied  out w i th  t h e  a i d  of chambers f i l l e d  with 

NO (refs. 88-90); many o the r  gases  can a l s o  be  used t o  f i l l  the  chambers ( r e f s .  

48, 81-93). 

1350 i. 
region from 1300 t o  800 i, t he  photoionizat ion quantum y ie ld  of NO i s  constant  

( r e f s .  88-90). The phot ionizat ion quantum y ie ld  of NO w a s  re f ined  and amounts 

t o  80-85% (ref. 48). 

c o n s t i t u t e s  a very d i f f i c u l t  experimental problem. A s  i s  c l e a r  from t h e  above, 

an 

N can be r e a d i l y  determined from measurements done with an ion iza t ion  chamber. 

A curve i s  p lo t t ed  which r e l a t e s  t h e  ion iza t ion  cur ren t  with t h e  vol tage between 

the  e lec t rodes  of t he  ion iza t ion  chamber (Fig.  17); t h e  ion  cur ren t  i s  determined 

form t h e  value of t he  sa tu ra t ion  cur ren t .  To determine t h e  number of absorbed 

photons ( N ) ,  it i s  necessary t o  have a ca l ib ra t ed  de tec to r .  

de t ec to r s  o r d i n a r i l y  used a re  photomult ipl iers  ca l ib ra t ed  wi th  a thermocouple. 

The thermocouple i s  ca l ib ra t ed  f o r  the  v i s i b l e ,  and it  i s  pos tu la ted  t h a t  the  

c a l i b r a t i o n  i s  va l id  i n  t h e  vacuum region as wel l .  

The ion iza t ion  of NO is  observed f o r  wavelengths s h o r t e r  than  

The chamber f i l l e d  wlth it0 c a  be used t o  record L,. For t h e  s p e c t r a l  .-. 

The determination of the photoionizat ion quantum y i e l d  

experimental determination of t h e  r a t i o  c/ol requi res  t h a t  N/N be found; 1 

1 

The r ad ia t ion  

When a ca l ib ra t ed  photomult ipl ier  i s  ava i lab le ,  t o  determine the  photo- 

i on iza t ion  quantum y ie ld ,  it i s  necessary t o  perform absolute measurements of 

t h e  i n t e o s i t y  a t  t h e  e x i t  from t h e  s p e c t r a l  instrument and after passage of t h e  
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Figure 17. Current-voltage 

c h a r a c t e r i s t i c  of t h e  photo- 

i on iza t ion  process,  

r ad ia t ion  through the ion iza t ion  chamber. These measurements are f a i r l y  complex 

and involve many sources of e r r o r ,  so t h a t  wherever poasi,ble it i s  b e t t e r  t o  use 

ion iza t ion  chambers f i l l e d  with monatomic gases .  

A s  w a s  ve r i f i ed  by Samson ( r e f .  48) and i n  complete agreement wi th  theore t -  

i c a l  considerat ions,  t he  photoionization quantum y ie ld  of i n e r t  gases,  s t a r t i n g  

a t  t h e  ion iza t ion  threshold,  i s  equal t o  un i ty  and i s  independent of t h e  wave- 

length.  Using ion iza t ion  chambers f i l l e d  with i n e r t  gases,  one can record wave- 

lengths  s h o r t e r  than l O Z 7  A; t o  record wavelengths sho r t e r  than 1330 A, the  

chambers were f i l l e d  wi th  ni t rogen oxide, and t o  measure r ad ia t ion  of longer  

wavelengths, with xylene ( r e f .  94). 

Geiger counters a r e  beinning t o  be widely used f o r  absolute  measurements of 

The c a l i b r a t i o n  i n t e n s i t i e s  i n  the  vacuum region of t h e  spectrum ( r e f s .  93-97). 

methods and d e t a i l s  of t h e  design of counters permit t ing absolute  i n t e n s i t y  

measurements a r e  described by Rumsh, Lukirskiy e t  a l .  (refs. 95, 96). 

Photographic P l a t e  and Other Photochemical Detectors 

The recording of quanta and measurement of absolute  and r e l a t i v e  l i g h t  

i n t e n s i t i e s  by means of photochemical reac t ions  a re  two of t h e  most access ib le  
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photometric methods ( r e f .  65). It i s  no wonder t h a t  t hese  methods began t o  be 

used aslong ago as t h e  l as t  century.  

a s e r i e s  of chemical reac t ions  may be used: formation of ozone ( r e f s .  98- loo ) ,  

decomposition of carbon dioxide ( r e f s .  100-102) , decomposition of m o n i a  ( r e f s .  

100, 101, 103). The quantum y ie ld  of a l l  these  reac t ions  i s  known and i s  de ter -  

mined wi th  a thermocouple. However, the absolute quantum y ie ld  of a chemical 

r eac t ion  i s  not a constant quant i ty ,  s ince the  value of t h e  quantum y ie ld  i s  

affected by the  reverse reac t ion .  Thus, for example, f o r  CO t h e  quantum y ie ld  

va r i e s  from 0 . 9  t o  1 .9  ( r e f .  102); therefore ,  e r r o r s  may be observed i n  t h e  

determination of t he  r ad ia i lon  Ir,telzsi_t.y which reach 100% of the  value being 

measured. Furthermore, t h e  use of photochemical de t ec to r s  i s  f a i r l y  cumbersome, 

s ince  it involves chemical analyses .  For t h i s  reason, t he  measurement of 

absolute  i n t e n s i t i e s  by means of chemical reac t ions  i s  not used very much and 

i s  s u i t a b l e  only f o r  approximate estimates. Thus, f o r  example, t h i s  method 

may be used t o  evaluate  the  i n t e n s i t y  of l i g h t  sources under development ( r e f s .  

99, 102) or t o  compare var ious l i g h t  sources with one another.  

I n  t h e  recording of t h e  vacuum u l t r a v i o l e t ,  

2 

Photochemical reac t ions  a r e  su i t ab le  f o r  purposes of heterochromatic 

photometry, s ince  the  quantum y ie ld  of chemical r eac t ions  remains constant 

over wide s p e c t r a l  i n t e r v a l s  as t h e  wavelength changes. 

The use of photoemulsions i s  also based on a chemical r eac t ion  induced by 

l i g h t .  

t h e  photographic p l a t e  i s  sens i t ized  w i t h  a luminophor of constant quantum y i e l d  

( see  sec t ion  1, 7) and. t h e  problem of heterochromic photometry i s  thus reduced 

t o  a problem of homochromic photometry. 

For r e l a t i v e  i n t e n s i t y  measurements i n  the  vacuum region of t h e  spectrum, 

I n  absolute  i n t e n s i t y  measurements, it i s  necessary t o  determine t h e  

r a d i a t i o n  energies  t o  which d e f i n i t e  blackenings on t h e  photoemulsion correspond. 
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However, t he  magnitudes of blackening of t h e  photoemulsion depend on a l l  s o r t s  

of secondary f ac to ry  which a r e  d i f f i c u l t  t o  take  i n t o  account, and f o r  t h i s  

reason t h e  use of such methods i s  possible  i n  p r a c t i c e  only when t h e  photographs 

of t h e  s p e c t r a l  of t he  unknown and standard r ad ia t ion  a r e  developed simultane- 

ously.  

e r r o r s .  

Any prel iminary c a l i b r a t i o n  of the  photoemulsion leads t o  s i g n i f i c a n t  

8.  Mondispersion Methods of Measuring Extreme Ul t r av io l e t  Radiation 

Up t o  t h i s  po in t  we have discussed methods of measurement requi r ing  the  

use of s p e c t r a l  instruments. Early i n  t h e  1950's, i n  t h e  recording of unde- 12109 

composed rad ia t ion ,  rocket inves t iga t ions  made wide use of counters and ion- 

i z a t i o n  chambers which made it  poss ib le  t o  separa te  a r e l a t i v e l y  narrow 

region of t he  spectrum. 

The ion iza t ion  chambers a r e  f i l l e d  wi th  a gas whose ion iza t ion  p o t e n t i a l  

determines t h e  longwave l i m i t  of t h e  recorded r ad ia t ion .  The l m e r  l i m i t  of  t he  

recorded r a d i a t i o n  i s  determined by the transmission of t h e  window material. A 

gas whose func t ion  i s  t o  decrease or completely suppress the  pho toe lec t r i c  e f f e c t  

a t  t h e  cathode i s  usua l ly  introduced i n t o  t h e  ion iza t ion  chambers (or counters) .  1 
6.- 3 

I' 

The gas must be e lec t ronegat ive  (I C12, NO); i t s  presence markedly increases  
2' 4 

t he  work func t ion  of t he  cathode metal, and f o r  t h i s  reason, t he  ion iza t ion  

chamber i s  s e n s i t i v e  only t o  rad ia t ion  capable of causing t h e  photoionizat ion of 

l A l l  t h a t  w i l l  follow i s  equal ly  appl icable  t o  counters and ion iza t ion  chambers, 

s ince  t h e  t r a n s i t i o n  from t h e  counting mode t o  the  opera t iona l  mode of t h e  ion- 

i z a t i o n  cha,mber depends so l e ly  on the  vol tage applied.  

i s t i c s  remain the  same. 

The o p t i c a l  character-  
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t h e  gas. I n  some cases ,  t h e  absence of t h e  photoef fec t  a t  t he  cathode i s  

achieved simply by preventing the  l i g h t  from s t r i k i n g  the  photocathode. 

We s h a l l  c i t e  a tab le  character iz ing t h e  ion iza t ion  chambers i n  use ( r e f s .  

71, 94, 104).  

Gas f i l l i n g  the  chamber Chemical Window Region of Quantum 

compos it ion  mate r i d  s e n s i t i v i t y ,  H y ie ld  

Ethylene oxide 

Carbon d i s u l f i d e  

Acetone 

Nitrogen oxide 

Nitrogen oxide 

Diethyl s u l f i d e  

Xylene 

Iodine vapor 

NO 

LiF 

LiF 

CaF, 

CaF2 

LiF 

BaF2 

Saphire 

LiF 

L 

1050-1180 0.10-0.20 

1050-1240 0.50- 0. bo 

1230-1290 0.08-0.10 

1230- 1350 0.20-0.30 

1030-1350 0.3 0- 0.40 

13 50- 1480 0.10- 0.20 

1425-1500 - 

1050-1260 - 

Note. 

taken t o  be 81%; t h e  thickness  of the window i s  1 mm; t h e  quantum y i e l d  i s  taken 

from ref. 104. 

quantum y ie ld  column. 

I n  ca l cu la t ing  the  quantum yie ld ,  t h e  quantum y ie ld  f o r  NO a t  1216 B i s  

The transmission of t he  window has been taken i n t o  account i n  t h e  

Knowing t h e  ion iza t ion  po ten t i a l s  of atoms and molecules ( r e f s .  91, 92) and 

t h e  t ransmission l i m i t s  of various mater ia l s ,  one can s e l e c t  i on iza t ion  chambers 

f o r  o t h e r  regions of t h e  spectrum as w e l l .  I n  t he  region between 1000 and 100 

t h e r e  a re  no mater ia l s  which are s u f f i c i e n t l y  t ransparent  i n  t h i c k  l a y e r s ,  but 

t h i n  l a y e r s  of aluminum oxide, n i t roce l lu lo id  f i l m ,  and Si0  have been found t o  be 

t ransparent  i n  thicknesses  of hundreds and thousands of Angstroms. Their  extreme 

b r i t t l e n e s s  has not  permitted t h e  u s e  of t hese  f i l m s  i n  rocket  counters,  but  they 
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can apparent ly  f ind  appl ica t ions  under labora tory  conditions.  

chambers a re  most f requent ly  f i l l e d  with NO (ref. 105) and I2 ( r e f s .  106, 107). 

Both of these  gases do not r e a c t  chemically with the  material of t he  counter,  

a r e  e lectronegat ive,  and have a high absorption coe f f i c i en t .  The quantum y ie ld  

of NO i s  81-8$ ( r e f .  @), and t h a t  of 12, 40% ( r e f .  106).  

Ion iza t ion  

A s  i s  evident  from 

t h e  t a b l e ,  t he  transmission bands of both counters are s u f f i c i e n t l y  narrow, but  

a s t i l l  g r e a t e r  monochromatization i s  needed i n  many cases  f o r  t h e  recording of 

ind iv idua l  l i n e s .  This i s  accomplished by using gas f i l t e r s  (see,  f o r  example, 

r e f .  103) ) . 
having i i t h ium fluorFde wi_ndows i s  f i l l e d  with oxygen a t  atmospheric pressure.  

Oxygen has  a high absorpt ion coe f f i c i en t  i n  the  wavelength range from lo50 t o  

The "oxygen f i l t e r "  i s  widely used (ref. 106). A c e l l  2 cm long 

1750 A ( r e f .  108), but  i n  t h i s  region of t h e  spectrum t h e r e  a r e  seven narrow 12110 

t ransmission bands, i n  one of which La i s  located.  

chambers f i l l e d  wi th  NO or iodine vapor i n  combination wi th  an oxygen f i l t e r  w i l l  

m a k e  it poss ib le  t o  separa te  La with a s u f f i c i e n t  degree of monochromaticity. 

Counters can a l s o  be used t o  record r ad ia t ion  of longer  wavelengths, but  t o  

our knowledge, t he  operat ion of counters now i n  exis tence i s  not based on photo- 

i on iza t ion ,  but  on photoemission from the  material of t h e  cathodes. 

u l a r ,  a chamber f i l l e d  wi th  a mixture of e thylene and argon was used f o r  rec- 

ordings i n  t h e  region from 1727 t o  2100 i; t h e  pressure  of each gas w a s  10  mm Hg. 

The cathode w a s  made of a chromium-iron a l l o y  (ref. 101). 

Therefore,  i on iza t ion  

I n  p a r t i c -  

0 

To record r ad ia t ion  below 1050 A, use can be made of open photon counters 

( r e f s .  94, 110). 

m) , and the  pressure  i n  t h e  chamber i n  t h e  counter decreases slowly and i s  

kept  constant  by means of a je t .  I n e r t  gases are used t o  f i l l  t h e  counters .  

When t h e  chamber i s  f i l l e d  with 'ehlium, r ad ia t ion  shor t e r  than 507 i i s  recorded; 

Light passes  through an aper ture  of small diameter (about 0.1 
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when neon i s  used, t he  recorded rad ia t ion  i s  shor t e r  than 577 1, and i s  shor t e r  

than  791, 890, and 1027 1 f o r  argon, crypton, and xenon, respec t ive ly .  

consecutive use of counters f i l l e d  with var ious gases permits  the  measurement 

of t h e  l i g h t  f l u x  i n t e n s i t y  i n  very narrow s p e c t r a l  i n t e r v a l s .  

i z a t i o n  chambers f i l l e d  with an i n e r t  gas i s  convenient, s ince  the  quantum y ie ld  

of t hese  gases  i s  constant  and equal  t o  un i ty  ( r e f .  48). 

The 

The use of ion- 

A counter or i on iza t ion  chamber i s  used t o  record r a d i a t i o n  without s p e c t r a l  

decomposition i n  two cases:  

s p e c t r a l  i n t e r v a l ,  and second, t o  record a s ing le  s p e c t r a l  l i n e .  The l a t t e r  

procedure i s  poss ib le  i f  oiily me s y e c t r a l  l i n e  fa l l s  i n t o  t h e  region se lec ted  

by the  counter e i t h e r  wi th  or without a f i l t e r .  

one s p e c t r a l  l i n e ,  i t s  absolute  i n t e n s i t y  may be determined with s u f f i c i e n t  

r e l i a b i l i t y  by c a l i b r a t i n g  the  ion iza t ion  chamber with a thermocouple or b y  any 

o t h e r  method. 

f i rs t ,  t o  measure energy released wi th in  a d e f i n i t e  

If the  counter measures only 

I n  the  measurement of the  energy wi th in  a given s p e c t r a l  i n t e r v a l ,  absolute  

measurements cannot claim a high degree of accuracy, s ince  t h e  quantum y ie ld  of 

t h e  counter  i s  not a constant  quant i ty  because of t h e  change i n  t h e  t ransmission 

c o e f f i c i e n t  of t h e  window wi th in  the  s p e c t r a l  region se lec ted  by t h e  counter.  

To record a spectrum without spec t ra l  decomposition, not only counters 

bu t  thermosphosphors a re  used. Thus, f o r  example, t h e  thermophosphor CaSO Mn 

w a s  used t o  record t h e  sho r t  u l t r a v i o l e t  r ad ia t ion  of t h e  sun (ref. 87). The 

measurements were made wi th  the  a i d  of f i l t e r s :  a CaF f i l t e r  se l ec t ed  t h e  

region of 1230-1340 1, t h e  LiF f i l t e r  - t h e  region of 1040-1340 A,  Be - the  

reg ion  of 0-8 i, and the  region 0-1340 1 w a s  se lec ted  without a f i l t e r ;  by 

combining t h e  f i l t e r s ,  r ad ia t ion  within various s p e c t r a l  i n t e r v a l s  could be 

recorded. 

4- 

2 

These measurements could not  claim a high degree of accuracy, s ince  
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t h e  s p e c t r a l  s e n s i t i v i t y  of t he  phosphor acd the transmission c o e f f i c i e n t  of t h e  

f i l t e r  were not constant,  but some idea  of t he  d i s t r i b u t i o n  of s o l a r  energy i n  

t h i s  region w a s  obtained. 

Conclusion 

We have examined a whole s e r i e s  of methods of performing absolute  and 

r e l a t i v e  i n t e n s i t y  measurements i n  t h e  vacuum u l t r a v i o l e t .  The d i f f i c u l t i e s  

inherent  i n  carrying out  these  measurements a re  based on a lack  of standard 

sources f o r  t h e  c a l i b r a t i o n  of the  s p e c t r a l  instruments and r ad ia t ion  de tec to r s .  

Apparently, high hopes may be placzd i,r, the use of t h e  synchrotron; t he  standard 

source could be any source wi th  a constant s p e c t r a l  c h a r a c t e r i s t i c  which could 

be ca l ib ra t ed  wi th  s u f f i c i e n t  r e l i a b i l i t y  by comparing it with the  synchrotron 

r ad ia t ion .  

/2111 

Unt i l  such "secondary standards" a r e  c rea ted ,  t h e  standard source can be  

used t o  c a l i b r a t e  t h e  whole recording system a t  separa te  po in t s  only. 

If it i s  des i red  t o  have a continuous c a l i b r a t i o n  over t h e  e n t i r e  vacuum 

region of t h e  spectrum, one must s e l e c t  another method, namely, the  separa te  

c a l i b r a t i o n  of the  s p e c t r a l  instrument and of t h e  de t ec to r  (ref. 36). 

It i s  des i r ab le  t o  check one method by t h e  ether  by performing t h e  meas- 

It should be noted t h a t  the  urements of t h e  same i n t e n s i t i e s  by both methods. 

method of c a l i b r a t i n g  t h e  e n t i r e  system as a whole i s  less accurate ,  but t h a t  it 

i s  much simpler,  and thus t h e  appearance of systematic e r r o r s  i s  less probable.  

O f  t he  r ad ia t ion  de tec tors  which we discussed, open photomult ipl iers  and 

ion iza t ion  chambers f i l l e d  with i n e r t  gases appear t o  have unquestionable 

advantages over o the r  de tec tors .  
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